SUMMARY The effective osmotic pressure across the blood-joint barrier is a key factor controlling synovial fluid volume and joint effusions. The effect of plasma colloid osmotic pressure (COP) on trans-synovial flow was studied directly in rabbit knees expanded by intra-articular fluid infusion. The synovial microcirculation was perfused with blood of varying COP. Absorption of fluid from the joint cavity was a linear function of COP; but albumin COP was only 78% effective across the blood-joint interface. Hyperosmolar solutions of small solutes (e.g., glucose) generated transient osmotic flows across the blood-joint barrier, but far less effectively than albumin. The hydraulic permeability of synovium increased at pathological intra-articular pressures-a phenomenon of potential importance to effusion kinetics.
Synovial fluid is derived primarily from plasma, and disturbances in the balance of forces between plasma and the joint cavity can create large clinical effusions. Fluid movement between blood and the joint cavity is considered to obey Starling's hypothesis, which treats the intervening tissues ('blood-joint barrier') as a semipermeable membrane. The quintessential feature of the hypothesis is that flow should be governed by the osmotic pressure of plasma proteins (colloid osmotic pressure, COP). Certain clinical observations provide indirect support for osmosis across the blood-joint barrier. For example, replacement of a protein-rich knee effusion by an equal volume of saline causes a net absorption of fluid from the joint cavity.2 Transsynovial osmotic effects, however, have never been measured. Here the effect of plasma osmotic pressure, both colloid and 'crystalloid', (i.e., small solutes) upon trans-synovial fluid exchange was investigated directly in rabbit knees. The study also assessed the osmotic reflection coefficient of the blood-joint barrier to protein-a coefficient which characterises the molecular selectivity of the barrier.
Materials and methods
To obtain full control over hydraulic and osmotic pressures on each side of the blood-joint barrier the cavity of the rabbit knee was cannulated and infused Accepted for publication 3 March 1987. Correspondence to Dr J R Levick, Department of Physiology, St George's Hospital Medical School, London SW17 ORE. with Krebs' solution at a known hydrostatic pressure; and the synovial microcirculation was perfused with blood of known COP at controlled pressures from one of two extracorporeal pump-oxygenator circuits, via the cannulated abdominal aorta. Perfusion of the knee in isolated rabbit hindquarters has been fully described previously.3 The essential features ( Fig. 1) 
pressure, altered by step changes in arterial or venous pressure.3 Hydraulic pressure had a relatively greater effect on exchange than did an equal change in COP (Fig. 3) Upon switching from control perfusate (red cells in 20 g albumin/l Krebs' solution) to hyperosmolar perfusate, the trans-synovial absorption rate climbed rapidly and steeply, peaking at several times control level (Fig. 4) (SE 0.007) pJ/min/cmH2O (n=20, five joints). The difference in effect is highly significant (p<0001, t test).
CHANGE IN PERFUSATE COLLOID OSMOTIC PRESSURE ( cmH20) NaCl). Thus even the peak osmotic efficacy of small solute was only 1/5Oth-1lOOth that of albumin (see earlier). The ratio.of dQmax/dna (osmotic effect of small solute) to dQs/dPc (effect of capillary blood pressure) in the same joint averaged 0-013 for glucose (0.010 for NaCl; 0025 for sucrose). The flow generated by unit change in plasma COP was about four times greater at 18 cmH2O than at 6 cmH20 intra-articular pressure. This was not owing to any breakdown in the semipermeable nature of the barrier because 0albumin was high (0.78) at 18 cmH20. The flow generated by unit change in synovial blood pressure increased by a similar factor between 6 and 18 cmH2O intra-articular pressure.10
Both effects can be explained by an increase in the hydraulic permeability of the synovial intima (second component of the barrier, in series with capillary wall) as intra-articular pressure rises-the 'yield phenomenon'.'0 A yielding of intimal resistance to flow at pathological joint pressures could greatly influence the kinetics of joint effusion formation and resolution.
